Multidrug-resistant tuberculous meningitis is
Tuberculous meningitis (TBM) represents the most severe form of tuberculosis (TB). Mortality is 30% in cases of infection with a fully sensitive organism, and coinfection with human immunodeficiency virus (HIV) is associated with increased mortality and morbidity (21) . The diagnosis and effective treatment of multidrug-resistant (MDR) TBM is not currently possible in many areas with high or increasing HIV prevalence.
The increased susceptibility of HIV-infected patients to tuberculosis, particularly extrapulmonary tuberculosis, is well established. The consequence is an increased incidence of TBM in areas with high or rising HIV prevalence rates (7, 19, 20) . HIV-infected patients with tuberculosis in Vietnam have higher rates of drug resistance, MDR TB, treatment failure (odds ratio [OR] ϭ 2.35) (16) and mortality (OR ϭ 30) (16) than those without HIV infection. A similar pattern has been demonstrated in HIV-infected TBM patients, with higher rates of MDR TB (OR ϭ 12.35) (22) and mortality (OR ϭ 4.24) (22) .
The Beijing genotype has been associated with drug resistance, MDR TB, and young age (and therefore active transmission) in several settings (2) . To date, no studies have shown associations with HIV status (for a review, see reference 2). It has been speculated that the genotype is hypervirulent and an "escape mutant" from Mycobacterium bovis BCG vaccination (27) . Several studies have attempted to characterize the immune interactions and transmission patterns of Beijing-type strains, but the reasons for its successful global spread remain poorly understood. It appears to demonstrate induction of Th2 polarized immunity in tissue culture models (10) and elicits a nonprotective immune response and greater mortality in BALB/c mice (9). Tsenova et al. showed that infection of rabbits with Beijing genotype isolates was associated with greater dissemination from the lung and led to higher bacillary loads in the cerebrospinal fluid (CSF) (24) . The altered pathogenesis of the strain was attributed to a polyketide synthasederived phenolic glycolipid that is not produced by some Mycobacterium tuberculosis genotypes due to a 7-bp deletion in the pks gene.
The Beijing genotype is apparently the second most prevalent genotype worldwide (4). The genotype was first described in 1995 by van Soolingen et al. when 86% of isolates from Beijing, China, were identified as a single spoligotype. It became the focus of attention for M. tuberculosis virulence studies following the identification of a major outbreak of MDR TB in New York City as due to the Beijing genotype, subsequently designated the W strain (12) . There is some evidence that it originated in Central Asia and that it subsequently spread from China (11) , where it has been the predominant genotype for at least 50 years (15) . The prevalence of Beijing genotypes generally decreases in countries further west than China and Russia. It is currently around 50% in East Asia and 13% globally (2) . Other geographical areas have seen increases in the prevalence of Beijing genotypes following its initial introduction (5, 14) . Investigation of the genotype has revealed further distinct deleted regions (25) The present study investigated the prevalence of these two genotypes and their relationship to HIV status and drug resistance in Vietnamese adults with TBM.
MATERIALS AND METHODS
Patients and samples. M. tuberculosis isolates from the CSF of adults (Ͼ14 years old) with TBM were collected between 2001 and 2003. The majority of the samples in the present study (n ϭ 170/222) were collected as part of a randomized, controlled trial of adjunctive dexamethasone for treatment of TBM, reported in detail elsewhere (23) . Additional isolates from adults uninfected with HIV (n ϭ 52) were collected as part of a larger typing study on the bacterial genetics of extrapulmonary TB, also to be reported in detail elsewhere (unpublished data). Isolates were collected at two hospitals in Ho Chi Minh City (HCMC), southern Vietnam: Pham Ngoc Thach Hospital for Tuberculosis and Lung Disease and the Hospital for Tropical Diseases. All patients included in the present study gave informed consent to HIV testing, and trial protocols for all clinical studies were reviewed by the ethics committees of both hospitals, the Health Services of Ho Chi Minh City, and the Oxford University Tropical Research Ethics Committee.
Drug susceptibility testing. Isolates were tested at Pham Ngoc Thach Hospital by standard World Health Organization 1% proportion methods for susceptibility to isoniazid (0.2 g/ml), rifampin (40 g/ml), ethambutol (2 g/ml), and streptomycin (4 g/ml).
Spoligotyping. Spoligotyping of isolates was performed according to the standard protocol (6) . Briefly, DNA was extracted by the cetyltrimethylammonium bromide method and diluted to a working solution of 15 ng/ml. PCR products were amplified with the primers Dra (biotin labeled) and DRb, hybridized to the spoligotype membrane (Isogen Bioscience B.V., Maarsen, The Netherlands), incubated with streptavidin-peroxidase, and detected with the ECL system (Amersham, United Kingdom). The results were analyzed on Bionumerics software (Applied Maths, Belgium). Beijing genotype here is used to designate all "Beijing-type" variants, i.e., any isolate missing spacers 1 to 34, with at least three spacers from 35 to 43.
Analysis. Univariate logistic regression was used to estimate the OR for association of variables with the Beijing or Vietnam genotype. A forward stepwise logistic regression model (P of Ͻ0.05 to enter; P of Ͼ0.055 to remove) was used to identify variables associated with the Beijing genotype on multivariate analysis. The variables examined in the model were HIV status, age, gender, and drug resistance (to any first-line drug). It was not possible to include MDR in the model because no MDR isolates were found in the non-Beijing genotype patient group. Association between the Beijing genotype and the patient's outcome (death/survival at 9 months) was examined in a stepwise logistic regression model for outcome, using the same covariates. Statistical analysis was performed using STATA SE9 software (STATA Corporation, Texas). (Fig. 1 ) and 187 HIV-negative patients (Fig. 2) . Among the HIV-positive group, 4 (11%) patients presented with grade 1 TBM, 20 (57%) with grade 2, and 11 (31%) with grade 3. The median age was 26 (range, 18 to 54) years. Twentyfour patients (69%) died during treatment or follow-up (to 1 year). The median time to death was 58 (range, 1 to 267) days. No patients received antiretroviral treatment, as it was not available in the Vietnamese health system at the time of the study. Detailed discussion of the clinical presentation of these patients is presented elsewhere (21, 23) .
Sixty-nine percent (n ϭ 24/35) of isolates from HIV-positive patients were Beijing genotype, while only 42% (n ϭ 79/187) of isolates from the HIV-negative group were Beijing type. Conversely, 9% (n ϭ 3/35) of isolates from HIV-positive and 19% (n ϭ 35/187) of isolates from HIV-negative patients were Vietnam genotype. This difference was statistically significant ( 2 ϭ 8.292; P ϭ 0.016).
However, when Beijing genotypes were excluded from the analysis, the prevalences of the Vietnam spoligotype were similar in the two groups (27% in HIV-positive patients and 32% in HIV-negative patients), and there was no association with HIV status ( ϭ 0.1211; P ϭ 0.728).
The remaining eight isolates in the HIV-positive group were all orphan types: 1 LAM clade, 1 Haarlem clade, and 6 miscellaneous genotypes. The remaining 73 isolates in the HIVnegative group contained 12 LAM clade isolates, 41 EA clade genotypes, 4 Haarlem isolates, and 3 T53 genotypes. Forty-five percent (33/73) of these isolates clustered, with the largest cluster being a LAM genotype. There were 28 orphan genotypes, including 1 isolate apparently containing all 43 spacers.
Susceptibility patterns to first-line drugs are presented in Table 1 . In the HIV-positive group, 15% (n ϭ 4/26) of the Beijing strain isolates were MDR TB, while only 6% (n ϭ 5/87) of the Beijing-type strains in the HIV-negative group were MDR TB. No MDR or ethambutol-resistant isolates were seen among the non-Beijing isolates in either group.
There was a significant association of the Beijing genotype with resistance to any drug, with 47% of Beijing isolates and only 23% of non-Beijing isolates being resistant to any first-line drug (OR ϭ 3.34 [95% confidence interval {CI}, 1.87 to 5.95]; P Ͻ 0.001). This association was independent of HIV status (adjusted OR ϭ 3.196 [95% CI ϭ 1.764 to 5.69]; P Ͻ 0.001), but the association was stronger in the HIV-negative group (P ϭ 0.003). The Beijing genotype was also strongly associated with MDR TB (Fisher's exact test; P Ͻ 0.001). As there was no MDR in the non-Beijing group, it was not possible to model this variable in logistic regression.
On univariate analysis, the Beijing genotype was significantly associated with young age (P ϭ 0.0046): the median age of patients with non-Beijing genotype isolates was 34 (range, 14 to 77) years, while the median age for patients with Beijing genotype isolates was 28 (range, 16 to 78) years. The association of the Beijing genotype with young age did not reach statistical significance independently of HIV status (P ϭ 0.053), which may be due to the small numbers of HIV-positive isolates in this study; a larger study would be needed to confirm the nature of this association. The Beijing genotype showed no association with gender (P ϭ 0.285).
In multivariate analysis, the Beijing genotype was associated with resistance to any first-line drug (P Ͻ 0.001) and HIVpositive status (P ϭ 0.045), but not with age (P ϭ 0.60). The Vietnam genotype showed no association with drug resistance (Fisher's exact test; P ϭ 0.25) or age (P ϭ 0.880). There was also no association of MDR with age (P ϭ 0.828), although the number of patients was too small to confirm or refute an association.
The Beijing genotype was not a predictor of death after 9 months of treatment in a stepwise logistic regression model, unlike HIV (OR ϭ 9.09 [95% CI, 3.81 to 21 .68]; P Ͻ 0.001) and older age (OR ϭ 1.02 [95% CI, 1.00 to 1.05]; P ϭ 0.009). Surprisingly, drug resistance and MDR were not associated with mortality in this model, but this may be due to the correlation with HIV status and the small numbers of MDR TB patients.
DISCUSSION
This is the first report of Beijing genotype association with HIV. Ten studies, including one in HCMC, have found no association between HIV status and the Beijing genotype in pulmonary tuberculosis. Twenty previous studies from geographically diverse locations, including Europe, North America, South America, Africa, and Asia, investigating the site of disease in relation to genotype have shown no association between extrapulmonary TB and the Beijing genotype (reviewed in reference 2). Our own large study of HIV-negative adults from HCMC showed no association of the Beijing genotype with TBM, with 42% (n ϭ 80/187) and 37% (n ϭ 88/237) Beijing genotype among TBM and pulmonary cases, respectively (P ϭ 0.23). It is therefore possible that this association is unique to TBM, or to Vietnam, or that it exists in HIV-negative tuberculosis but is too small to reach significance (8) . The reasons for treatment failure and relapse independent of drug resistance are not known, but it appears that infections with Beijing genotype strains may be more persistent. Such persistence in sputum despite being under treatment could lead to a longer duration of infectiousness and greater transmission potential. The increased susceptibility of HIV-positive patients to disseminated TB and TBM is well documented (3). The independent association of the Beijing strain with both HIV and MDR TB represents a potential for further increasing the incidence of MDR TBM in settings with high or rising HIV prevalence and high rates of endemic TB. HIV prevalence in HCMC is rising, and although still largely concentrated among intravenous-drug users and commercial sex workers, is starting to spread beyond these communities. In 2003, the national prevalence was estimated at 1.2%, but one-fourth of all infections were concentrated in HCMC (26) . Surveillance of all patients with TB in HCMC has shown an increase in HIV prevalence from 0.5% in 1995 to 4% in 2000 (17) . Outcomes for MDR TBM are extremely poor (13, 22) , particularly in settings where rapid susceptibility testing and second-line therapies are not routinely available.
The association of the Beijing strain with drug resistance and MDR has been documented in other settings, though this has not been a consistent finding. It has been postulated that in much of Asia, nonassociation is probably due to the endemic nature of the Beijing genotype, whereas in areas where the proportion of Beijing strains is increasing and therefore "epidemic," associations with drug resistance are found (2) . The association with drug resistance is particularly strong in Vietnam (1), unlike most of Asia.
It is possible that this pattern is due to the active transmission of these strains among young age groups, who are generally vulnerable to the development of drug resistance. However, an intriguing possibility is that this strain is "hypermutable" and therefore able to adapt more rapidly to drug pressure (18) .
Associations of the Beijing strain with young age did not reach significance independently of HIV status, a reflection of the fact that the HIV epidemic in Vietnam was concentrated among mostly young intravenous-drug users at the time of the study. However, the Beijing genotype has been associated with young age (P Ͻ 0.001) (1) in Vietnam; it is possible that a larger study would confirm a similar association in those with TBM. An association between genotype and young age suggests active transmission of a strain. It is not clear, however, if this is due to an increased susceptibility to the strain in the population or to increased transmissibility of the strain.
The second predominant strain in Vietnam, ST319, was not associated with any variable in the model: age, HIV, or drug resistance. This strain represents an "ancient" strain type under classification schemes, whereas the Bejing genotype is classified as "modern." It is likely that this genotype was circulating in Vietnam prior to the introduction of the Beijing genotype and that East Asian (EAI) clade genotypes represent the endemic M. tuberculosis strains, circulating in all age groups, while the Beijing "epidemic" strain has been relatively recently introduced or achieved selective advantage and is being actively transmitted among the younger population group.
In summary, we have demonstrated a strong association between the Beijing genotype, drug resistance, and HIV infection in a large cohort of Vietnamese adults with TBM. The outcome of TBM in individuals coinfected with HIV is poor regardless of the drug susceptibility of the infecting organism (21) . However, in this and other settings (2), HIV coinfection is associated with drug-resistant infections, which has important implications for the clinical outcome for these patients (22) . Our findings suggest that the Beijing strain of M. tuberculosis may be more capable than other strains of causing disseminated disease in HIV-infected adults and that Beijing strains are more likely to be drug resistant. Although the poor outcome of TB in HIV-coinfected patients is multifactorial, we suggest that infection with Beijing genotype M. tuberculosis may be further bad news for this population of patients. Further studies examining the transmission of Beijing genotype bacteria within the HIV-infected population are warranted, together with the investigation of the abilities of different strains to disseminate from the lung and cause extrapulmonary disease.
